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RESULTS OF INVESTIGATIONS ON A 0.010-SCALE MODEL 
OF THE CONFIGURATION 3 SPACE SHUTTLE ORBITER 
AND EXTERNAL TANK IN THE NASA/ AMES RESEARCH CENTER 
3.5-FOOT HYPERSONIC WIND TUNNEL (IA15) 

By M. T. Petrozzi, M; D. Milam and J. A. Mellenthin* 

ABSTRACT 

Experimental aerodynamic investigations were conducted in the NASA/ 
Ames 3.5-Foot Hypersonic Wind Tunnel during the period of October 10 
through October 15 » 1973. The model used for this test was a 0.010-scale 
of the Configuration 3 Space Shuttle Orbiter and the Extemal Tank. 

Six-component aerodynamic force and moment data were recorded over 
an angle of attaok range from -8® to +30° at: 0° and 5® angles of side- 
slip. Data vas also recorded dtiring beta sweeps of -8° to +10° at angles 
of attack of -10°, 0°, and 30°. All testing was done at Mach 7.3. 

Various elevon, rudder and orbiter to external tank attaching stnac- 
tures and fairings were tested to determine longitudinal and lateral- 
directional stability characteristics. Non-metric exhaust plumes were 
installed during a portion of the testing to determine the effects of 
the main propulsion system rocket plumes. 

Base pressures on the external tank, which were monitored through 
tubing internally routed through the external tank and orbiter^ ^vere found 

I ' 

to be questionable during the first 10 runs. Externally mounted t'vibing 
was Installed prior to rxin 11 and the test series were completed using 
• NA^/Ames IW^DING PAGE BLANK- 

NOT FILMED 
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that tubing configuration for the e::ternal timk base pressures. Subse- 
quent to run 18, when the non-metric plumes were installed, 8J.1 base 
pressures were monitored through externally routed tubing. See the 
DATA REDUCTION section for additional information. 
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b. 

Model installation vith non-metric plumes. 
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c- 

Unhilical fairing on Orhiter (FR^^). 

39 


d. 

Forward attachment of the external tank 
to the Orhiter. 

UO 


e. 

Attach structure-VL72-000089 Configuration 3A. 

Ul 


f. 

External tcuik protuberances. 

U2 


8* 

SRB protuberances. 

1»3 


h. 

Base pressure orifice locations. 


3. 

Model photographs. 



a. 

Close-up 3/U rear view of 0.010-sceQe orhiter 
model 139B mounted on external t«^. 



b. 

Side view of O.OlO-seale orhiter model 139B, 
external tank* sting, and strut. 

U6 


c* 

Side view of O.OlO-scale orhiter model 139B, 
external tank, and sting. 

U7 
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NOMENCLATORE 

General 




( 


Q^BOL 

SADSAC 

SIMBOL 

DEFIMITION 

a 


speed of sound; m/sec, ft/sec 

Cp 

CP 

pressure coefficient; (p^ - p»)/q 

M 

MACH 

Mach number; V/a 

P 


pressure; H/m^, psf 

q . 

Q(HEM) 

dynamic pressure; l/2pV^, N/m^, psf 

rn/l 

Q(PSF) 

rm/l 

unit Reynolds numbrr; per m, per ft 

V 


velocity; m/sec, ft/sec 

a 

ALPHA 

angle of attack, degrees 

fi 

BETA 

angle of sideslip, degrees 


PSI 

angle of yaw, degrees 


PHI 

angle of roll, degrees 


Ab . 
b 

c,g, 

J^REP 

c 

S 


BREF 

I££P 

SREP 

MRP 

XHRF 

TQ®P 

ZMRP 


SUBSCRIPTS 

b 

1 

8 

t 

00 


mass density; kg/m^, slugs/ft^ 
Reference & C,G> Definitions 

base area; m^, ft^ 

ving span or reference span; m, ft 

center of gravity 

reference length or vlng mean 
aerodynamic chord; m, ft 

wing area or reference area; ft^ 

moment reference point 

moment reference point on X axis 

moment reference point on Y axis 

moment reference point on Z axis 


base 

local 

static conditions 
total conditions 
free stream 


I ^ 


I 
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NOMBHCUOURE (Continued) 



Body-Axis System 


SADSAC 


SYMBOL 

SYMBOL 

DEEIHITIcaf 

% 

CN 

normal-force coefficient; force 

qS 

Ca 

CA 

axial-force coefficient; ®xial force 

qS 

Cy 

CY 

side-force coefficient; force 

CAb 

CAB 

base -force coefficient; force 

qS 



-Ab(Pb - Pa.)/qS 

% 

CAF 

forebody axial force coefficient, - C^^ 

Cm 

cm 

pitching-moment coefficient; pitching moment 

Cn 

CYH 

yaving-moment coefficient; 

qSb 


CBL 

rolling-moment coefficient; 

qSb 



Stablllty-AxlB System 

Cl 

CL 

lift coefficient; 

qS 

CD 

CD 

drag coefficient; drag 



qS 


CDB 

base -drag coefficient; ^?.6 

qS 


CDF 

forebody drag coefficient; Cp - 

Cy 

CY 

side-force coefficient; force 

qs 

On 

cm 

pitching-moment coefficient; pitching rnon^nt 

qS/REF 

Cn 

cm 

yaving-moment coefficient; PoniftPt 

qSb 


CSL 

rolling-moment coefficient; moment 

qSb 

l/d 

l/d 

llft-to-drag ratio; Cj/Cjj 


6 : { 

•• 1 

1 



NOMENCLATURE (Continued) 
ADDITIONS TO STANDARD NOMENCLATURE 


SADSAC 

SYMBOL SYMBOL 

6„ AILRON 


6g ELEVON 


RUDDER 


PL^ PLUMES 




^ac/^REF 

Cy 

6 


^ac^^'REF 






CN/A 

CLM/A 

XAC/LR 

CY/B 

CBL/B 

CYN/B 

YAC/L 

DCN/DE 

DCA/DE 

DCLMDE 

DCYNDA 


DEFINITION 

aileron, total aileron deflection angle, degrees, 
(left aileron-right aileron )/2 

eleven, surface deflection angle, positive 
deflection, trailing edge down; degrees 

rudder, surface deflection angle, positive deflec- 
tion, trailing edge to the left; degrees 

solid plumes (Ref. figxire 2a) , as a parameter 
PLUMES = 1 (plumes on), PLUMES = 0 (plumes off) 

normal force coefficient derivative with ALPHA, 
per degree 

pitching moment coefficient derivative with ALPHA, 
per degree 

pitch aerodynamic center, -(CLM/A)/(CN/A) 

side force coefficient derivative with BETA, per 
degree 

rolling moment coefficient derivative with BETA, 
per degree 

yawing moment coefficient derivative with BETA, 
per degree 

yaw aerodynamic center -(CYN/B)/(CY/B) for 
B sweeps, -(DCYNDB)/(DCY/DB) for a sweeps 

normal force coefficient due to ELEVON, per degree 

axial force coefficient due to ELEVON, per degree 

pitching moment coefficient due to ELEVON, per 


degree 


yawing moment dt^e to AILERON, per degree, (body 
axis) 
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NOMENCLATURE (Concluded) 


SYMBOL 




^"60 


SADSAC 

SYMBOL 

DCBLDA 

DCY/BA 

DCYHDR 


DCBLDR 


DCY/DR 

DCYNDB 

DCBLDB 


DEFINITION 

rolling moment due to aileron, per degree, (body 
axis) 

side force due to aileron, per degree, (body axis) 

yawing moment due to RUDDER, per degree, (body 
axis) 

rolling moment due to RUDDER, per degree, (body 
axis) 

side force due to RUDDER, per degree 
yawing moment due to BETA, per degree 
rolling moment due to BETA, per degree 


DCY/DB 


side force due to BETA, per degree 



CONFIGURATIONS INVESTIGATED 


The following ^summarizes configvirations investigated and nomenclature 


used to 

designate their model components: 


or 

= E23 F5 Ng^ Nq R5 T^O 


Pi 

= PTl, PT5 PT5; Aj^ = ATg ATj ATiii 


L 

= FL3 FLij; F = FRj^ 


Conf ig . 
Symibol 

CozttDonent Description 

Drawing 

Lines 

®19 

Body 

VLT0-0C0139 

Cj 

Canopy 

VL70-000139 

E23 

Elevons 

VL70-OOU39 

F 5 

Body Flap 

VL70-000139 

M4 

Orbital Maneuvering System 

VL70-OOO139 

N2U 

Orbiter SSME Nozzles 

VL 7 O-OOOIUOA 


OMS Nozzles 

VL70-000089B 


Rudder 

VL70-000ll*0A 

^7 

Vertical Tail 

VL70-000139 

'^lOT 

Wins 

VL70-000139B 

"^lO 

External Teuik 

VL 76 -OOOOUIB 
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VL77-000036A 


12 

PL, 


FL- 


FL,, 


PS, 


PS, 


PS, 


FR, 


Boosters (Solid Rocket) 

Solid Plumes 

Attach Structure (Simulated) 


Defined in Model Dimen. 


ATii 

Front Orbiter to .External Tank 

VL72-000088D & 

89 


Left Rear Orbiter to ExternrJ. Tank 

VL72-000088D & 

89 

Ai"y 

Right Rear Orbiter to External Tank 

VL72-000088D & 

89 

> 

00 

Front SRB to External Tank 

VL72-000106 


AT^ 

Rear SRB to External Tan], 

VL 72 -OOOIO 6 


PT^ 

LO^ Vent Line Fairing 

VL78-000031A 


PT^ 

LO^ Feed Line 

VL78-000031A 


^6 

LH^ Vent Line 

VL78-000031A 



Feed Lines (from Exi^emal Tank to Orbiter) 


LO^ Feedlines 


LH^ Feedline 


SKB Protuberances 
Electrical Tunnel Fairing 

Attach Ring 

Separation Rocket Fairing 
Umbilical Door Fairing 


VL78- 000050 
VL 78 -OOOO 5 O 


Sketch "SRB Electr. Tunnej 
VL77 -000036 a 
VL77-000036A 
VL 78 -OOOO 5 O 
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TEST FACILITY 


The NASA-Ames 3.5-Foot I^ersonic Wind Tunnel is a closed-circuit, 
blowdown- type tunnel capable of operating at nominal Mach numbers of 5, 7, 
and 10 at pressures to l800 psia and temperatures to 3U00®R for nm times 
.to four minutes. The major components of the facility include a gas storage 
system where the test gas is stored at 3000 psi, a storage heater filled 
with alTiminum-oxide pebbles capable of heating the test gas to 3^00®R, 
axisymmetric contoured nozzles with exit diameters of U2 inches for gener- 

3 

ating the desired Mach number, and a 900,000 ft vacuum storage system 
which operates to pressures of 0.3 psia. The test section itself is an 
open-jet type enclosed within a chamber approximately 12-feet in diameter 
and UO-feet in length, arranged transveraally to the flow direction. 

A model support system is provided .that can pitch models through an 
angle-of-attack range of -20 to +18 degrees, in a vertical plane, about 
a fixed point of rotation on the tunnel centerline. This rotation point 
is adjustable from 1 to 5 feet from the nozzle exit plane. The model 
normally is out of the test stream (strut centerline 37-inches from tunnel 
centerline) until the tunnel test conditions are established after which 
it is inserted. Insertion time is adjustable to as little as 1/2 second 
and models may be inserted at any strut angle. 

A high-speed, analog-to-digital data acquisition system’ is. \rsed to 
record test data on magnetic tape. The present system is equipped to 
measure and record the outputs from 80 transducers in addition to 20 
channels of tunnel parameters. 



DATA REDUCTION 


Aerodynamic forces and moments have "been reduced to coefficient form 
based on the follovring reference values: 

p 

fc>ref = total theoretical wing projected area = O.269O ft 
*'ref ® length = 12.903 in 
bpgf = total wing span = 9-3668 in 

The moments have been reduced about a reference moment center located 
at the external tank STA 9-89 (this is orbiter STA 2.38) on the external 
tank center line. 

All data eu'e corrected for model base pressure effects. The groupings 
of the manifolded pressures along with their designated symbols of the 
effective base area, magnitude of the base areas, pressure coefficient 
symbols, base/cavity axial-force coefficient definitions, and the orifice 


number assignments 

are listed as 

follows : 



K\ms 1 throvy?h I8: 





Base Area 
Name 

Area 

Desig. 

Area, Numerical 
Vedue - Sq. in 

Pressure 

Coefficient 

Symbol 

Pressure 

Orifice 

Number(s) 

Orbiter Upper 
Base 

^U 

1.31 

Cp 

OU 

3 

Orbiter Lower 
Base 

Abl 

1.97 

'fBL 

k 

OMS Upper 
(Becesaedl) Base 

AOU 

0.80 


1 

OMS Lower 
(Extended) Base 

Aql 

0.52 

Cp 

*^0L 

2 
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Orbiter Balance 
Cavity 


1>78 


7 

External Tank 
Base, inner 

\ti 

3.99 

V, 

ETI 

5 

External Tank 
Base, outer 


4.32 

% 

ETO 

6 

Runs subsequent to 

no.l8: 




Orbiter Upper 
Base 


2.30 

‘^BU 

1 

Orbiter Lower 
Base 

Sl 

2.30 

'-BL 

2 

Orbiter Balance 
Cavity 


1.78 

BC 

3 

External Tank 
Base, inner 


3.99 


4 

External Tank 
Bt .se, outer 

^BCgqtQ 

4.32 

\ 

ETO 

5 
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TABLE III. - MODEL DIMENSICWAL DATA 

KODEL COMPONENT: BODY - P19 

GENERAL DESCRIPTION: Fuselage, Configuretion 3, por Rcckvrell Lines 

VL70-000139B. 



i 


TABliB III, - Continued. 


I 


MODEL COMPONENT; Canopy - C7 

€ 

»■ 

GENERAL DESCRIPTION; Configuration 3 per Rockwell lines VL70-000139 


Model Scale = 0.010 

i _ _ . 

DRAWING NUMBER YL70-0001T9 

DIMENSION ; ' FULL SC ALE MODEL SCALE 

• — , ^ p - 

Ungth (Xo = 433 to = 6?0) - FS 237 2.370 

Mok Widfh 

Mox Depth (Zq = to Zq *= 503.) - in FS 

Fineness Ratio . C 

Areo 

Max Cross-Sectional 

Ptonform * ____________ 

Wetted ___________ ' 

Bose 
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TABLE III. - Continued* 


MODEL COMPONENT: ELEVON - E23 


GENERAL DESCRIPTION: Configuration 3 per VjlQ7 Rockvfctll Lines 

VL70-0001393, data for (1) of (2) sides 


Model Scale = 0.010 


DRAWING NUMBER: VL70-0001393 


DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Area - ft2 

205.52 

0.02055 

Span (equivalent) - in. 

353-3t 

3.533 

Inb'd equivalent chord 

134.78 

1.147 

Outb'd equivalent chord 

Ratio movable surface chord/ 
total surface chord 



0.550 

At Inb'd equiv. chord 

.208 

.208 

At Outb'd equiv. chord 

.400 

.400 

Sweep Back Angles, degrees 



Leading Edge . 

/'■ b.OO 

■' • 0.00 

‘ Tailing Edge • 

•-10.24 

• -10.24 

Hingeline 

0.00 

0.00 

Area Moment (Normal to hinge line)- FT^ 

1548.07 

,001548 

Product of Area Moment 
\ 

• 
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TABLE 


MODEL COMPONENT; ^*5 3od 
GENERAL DESCRIPTION; ^ 

Scale Model = 0.010 

DRAWING NUMBER 

DIMENSION ; 

Length - in 
Mok Width - in 
Max Depth 
Fineness Ratio 
Areo - 

Mox Cross-Sectional 
• Plonform • 

Wetted 
Bose 



VL70-000139 


FULL SCALE MODEL SCALE 





> 


■ TABLE III. - Continued. 


MODEL COMPONENT: OIC Pod - 


GENERAL DESCRIPTION: Configuration 3 per Rockvfell Lines VL70-000139 


NOTE: ML identical to M3, except intersection to fuselage. 


DRAWING NUMBER 


rL70-00011 


DIMENSION: 


FULL SCALE 


MODEL SCALE 


length - IN 
Mok Width - IN 
Mox Depth - IN 
Fineneti Ratio 
Ana ~ FT^ 

Mox Cross-Sectional 

Plonform 

Wetted 


346.0 

108. 0 

113.0 


3.460 


1.130 


4 


I 


< 

I 

I 

MODEL COMPOliENT: Na^ZLSS - N8 

GEliERAL DESCP.IPriOII : 0!E Nozzle of Configui-ation 2A per Rockwell Lines 

VL70-OOB3C6 and VL70-000089"B". Intersection of nog zlo exit plane and 

nozzle centerline at Xo — 1570. 75» 'lo “ i99.25» Zq = 507.25 

MODEL SCALE = 0.010 ^ 

DRAWIKG MO. VL70-008306 , VL70-0 00089''B" , SS-A00092 

DIMEKSIOIS I FULL SCALE fK)DEL SCAIE 

* 

Kach No. _____ 


I 

TABLE III. - Continued. 


Lerigth ~ in. 

Giiaba.1 Point to Exit Plano 
Throat to Exit Plano 

* 

Diameter ~ in. 

Exit 

Throat 

Inlet 

Area '«ft^,/Kozzle 
Exit 
Throat 

Gimbal Point (station)— in, 

X 

T 

Z 

Null Position ~dcg. 

Pitch 

Yow (Outb’d) 


.-.SQ..Q0- 

N/A . 
28.00 


0.500 

N/A 

0.280 


13.635 


0,00136 


+68.0 


492.0 


15 ” 49 « 

+ 12 * 17 ' 


15 .180 
0.880 
4.920 


15 * 49 ' 

+ 12 * 17 ' 


-f) 


2 ^ 



4 


MC©EL COMPOIJiKT: M07.7.|.T\S - H 

GEHEHAL DESCiJimON: Conflrv.rt>tior. 3A 


Ibch No. 


I<ength~in. 

Giwbal Point to Exit Plane 
Throat to Exit Plane 
DiaiEetor~in. 

Exit 

Throat 

Inlet 

Ai'co'^ft^. /Nozzle 
Exit 
Throat 

Glmbal Point (station) '-in. 

Upper Nozzle 
X 
I 

z 

lover Nozzles 
X 

y 

z 

Null Position '-des. 

Upper Nozzle 
Pitch 
Yaw 

t 

lover Nozzles 
Pitch 

Yaw (outb'd) 


91.000 


45.16585 


1445 

0 

_..Jt43 

U68.16996 
' " - ^ J. - U XOT 

,.,.342».63g38_ 


16 * 

-*7jr 


10 * 






MODEL SCAL^. 

- 0,010 



DRAiaKG NO. 
DH®S10N3 

VL70-00037i0A . VL70-005030A 

FULL SCALE 

MODEL SCALE 


0.910 


O.OOA52 


IV^.450 


0 

— s:ot — 


14.68170 
+ V/. 530 
TX25115 — 


16» 
— 0-i- 




10 ® 

375^ 
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TABLE III. - Continued. 


MODEL CO;a>OHE»r: Solid Flume - PL I 

general DLSCRIPTION; SSME siuilAted pluiEes froa N24 nor.sles to represent 
*11 3 engines *t M » 5.$ during exit trajectory 


MOraX SCALE - 0.010 ' 

I»AWIKG NUMBER; 

COORDINAIES ; 

Ratio of local pliane radius - 
to nozzle exit plane Internal 
radius 

1»053 
l.%3 
2.772 • 

3.497 

-■,,A.. 4 ,$Q 

-i.421 

6.389 

7.321 

7.861 

8.136 

8.672 

8.937 

9.204 

9.464 


Ratio of local axial distance 
frod nozzle exit plane to nozzle 
exit plane Internal radius 

0.057 


1.122 


2.250 


3.341 


4.912 


6.642 

7.566 


8.529 


10.496 


11.699 


12.330 


13.602 


14.367 


14.912 


- 15.569 






DIMENSIONS: 


FULL SCALE 

MODEL SCALE 

Nozzle Exit Radius, In. 

2h 

45.2 

C.452 




TABLE III . - Continued. 


MODEL COMPONENT: R'JDDER - 


GENERAL DESCRIPTION: 2A, 3 and 3A Configuration per Rockwell Lines 

VI, 70-000095 


Model Scale '-^.OlQ 


- DRAWING NUMBER; VL70-000095 


DIMENSIONS: FULL-SCALE 


Area - FT2 

106.38 

Span (equivalent) - IN. 

201.0 

Inb'd equivalent chord 

21.5^5.. 

Outb'd equivalent chord. ^ 

50.833 

Ratio iriovable surface chord/ 


total surface chord 


At Inb'd equiv. chord 

0.400 

At Outb'd equiv. chord 

0.400 

Sweep Back Angles, degrees 

• 

Leading Edge 


- Tailing Edge 

26.25 

Hingeline 

■ 34-83 

Area Moment (Normal to hinge line)- ft^ 



Product of Area and Mean Chord 


MODEL SCALE 

0.0106 8 
2.010 
O.'^l^ ' 

0.508 


0.400 

0.400 


000526 


C 
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TABI£ III. - Continued. 


MODEL COMPONENTi BOCSTFR SOLID KCCrsTT - SI 2 


GENERAL DESCRIPTION: Configvumtion DtU for U) of (S) frides, 

per Rockv^ll Lines Vli.r7>C00036A 


.M odel ScAle « 0.0y) 

yVf2-<XX30m 

DRAWING NUMBER . YL'H-OOOCQeA 


DIMENSION: , 

run SCAtdE 

MODEL SCALE 

' Length (Includes Kostlo) - IV. 

17U.0 

17.U0 

Max Width (Tsnk Die) - IN. 

U2.3 

1.1.23 

Mox Depth (Aft Shroud) - IN. 

192.0 

1.920 

• PineneM Ratio 

9.06771 

9.06771 

Area - FT2 

Mox CrosS'Sectionol 

201.06193 

0.0201 

Pianfbrm 

Wetted 



Base 

WP.of BSRM Centerline (Zt) - IN. 

-.APSL., 

4.00 . 

FS of BSRM Nose (Xt) - IN. 

aoo 

2.00 


n 





TABLE III. - Continued. 


MODEL COMPONENT: EXTERNAL TANK - TIO 


GENERAL DESCRIPTION: 'External Oxygen Hydrogen Tank, 3 Configuration, 

per Rockwell Lines VI..78-0000U and VL72-00008e 


Model Scale ^ 0.010 


DRAWING NUMBER 


VL72-000088 

VL78-OOOOa 


DIMENSION: 


FULL SCALE MODEL SCALE 


Length - IN (Nose @ Xt = 309) 
Mox Width (Dia) - IN. 

Mox Depth 
Fineness Ratio 
Areo - FT^ 

Max Cross-Sectional 

Plonfbrm 

Wetted 


1865 

324 


5.75617 


572.555 


18,65 


5.75617 


0.0573 


WP of Tank Centerline (X«i>) IN. 
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TABLE III. - Continued. 


MODEL C0:<^.P0NENT; VEf^TICAL V 7 


GENERAL DESCRIPTION: CnnL c-r3i.no verticf.l tai3. , doab! Lirfoil 

vith 

rounded leading ed-7e. 

NOT-s; Same es V5. but wiih mr.ni pula tor houainpc removed. 

Model.vSccle 0.010 

DRAWING NUMBER: 

VL70-000139 


DlfCNSIONS; 

FULL-SCALE 

MODEL SCALE 

TOTAL DATA 

- 


Area (Thao) Ft^ 

425.92 

0,0425 

PI an form 



Span (Thao) In 

~5T5T72~ 

■ 5115*) 

Aspect Ratio 

1.675 

1.675 

Rate of Taper 


0\507 

Taper Ratio 

0.4^4 

“~f)74o.v 

Sweep Back Angles, degrees 
Leading Edge 

45.000 

45'ToOO 

Trailing Edge 

26.?49 

T 6 . 2 I 9 

0,25 Element Line 

4i.i3o“ 

41.130 > 

Chords: 

Root (Thso) WP 

268.50 

2.685 

Tip (Thao) WP 

103.47 

■ VP85 » . 

MAC 

199.81 

1.9?« 

Fus. Sta. -Of ,25 MAC 
W. P, of ,25 MAC 

1463.50 
633.522 . 

.6^35. 

B, L, of .25 MAC 

JLOO __ 

0.00 

Airfoil Section 

Leading Wedge Angle 

Deg 10.000 

10. COO 

Trailing Wedge Angle 

Deg !i4.920 

.14,970. 

Leading Edoe Radius . 
Void Area - 

_2 J3. 

0.020 

. . _03/i7 _. 

Q.a 

Blanketed Area 






TABLE III. - Continued. 


r.00EL COyfOfiENT; WING-W 

GENERAL DESCRIPTION ; Configuration 3 per Rockwell Lines VI.70-000139B 
KOTR; Sane as V/103. exccj>t cuff, airfoil and incidence enf^le. 


Model Scale = 0-010 


TEST NO. 


DWG. NO. VT.70-0001399 


DIMENSIONS; 

TOTAL DATA , 

Area ttheo.) Ft^ 

Planfom 
Span (Theo In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, des*'ees (® TE of Eleven) 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep Back Angles, degries 
Leading Edg^ 

Trailing Edge 
0.25 Element Line 
^ords; 

Root (Theo) 2. P.0.0. 

Tip, (Theo) B.P. 

MAC 

■ Fus. Sta. of .25 MAC 
. M.P. of .25 MAC 
B.L. of .25 MAC 

EXPOSED DATA , . 

A^ea (theo) Ft‘ 

Span, (Theo) In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 

RootBPlOB 
Tip 1.00 b 
7 
MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

Root b • 


Data for (1) of (2) Sides 
Leading Edge Cuff n 
Planform Arvsa Ft‘ 

Leading Edge Intersects Fus M. L. 0 Sta 
LeadlAg Edge Intersects Wing 0 Sta 

29 


FULL-SCALE 


2690.00 
'93^.66 ~ 


.■■■■■1.127- 

——0x222. 

3.502. 

Ox.m 

/xS.OOO 

- 10 . 2 /. 

,a27t85- 

A7A.81- 

.■299t2Q- 


1752.29 

720. 

— S.’pX?! 


562. /*o 


393.03 


300.20 


0.10 

0.12 


• TO. 'TT T 
300 -- 
2SmJL«. 


MODEL SCALE 


0.2690 
9.366 8 
2. 2o3 

-1x122— 
-fix22Q 

-a*5CQ 

_flLiC2 

■+1.22SL- 

L<000 

"OOxili 

■35.g)9— 


6.892 

T.37'8 

■i::m — 

11.3689 


-JL.922 


0.1752 

'~?T2055 


2^ 


5.6260 

‘ i.3 7 i nr 


3.9303 

"io5ir 


0.10 


0.12 


“injiTE — 
“5To5 



TABLE III. T Continued. 


MODEL COMPOMEUT! Attach Str ucture - AT^ 

GSiERAL DESCRIPTION; Right Rear. Orbiter to External Tank 


MODEL SCALE = 0.010 


DRAWING N 6 . VL72-000088B + VL72-000089 NOTE: Use first drawing for location and 

second drawing for detail of struts 

DIMHiSIONS; 


First Strut FULL SCALE 

Diameter in. (Approx.) ' 1 

Fwd Location, in. (Attach to Orb. 

Xo 

2058 


Approximate Aft Location, in. (Attach to Orb.) 

^ 1107 

^8 1858 


(Note: This strut is the mirror immage 

of Strut AT 7 ) 

Second Strut 

Diameter, in. (Approx.) 1 

Location, in. 

^ 13-07 

2058 

(Note: This is a Cross-Brace Strut) 


MODEL SCALE 
O .OlO 

• 13.07 

.-^>^.8 


11.07 

18.58 


O.CIO 
20 JiS 


o 


39, 
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TABLE III. - Continued. 

MODEL COMFOHEf.T: Attnch Structure - AT? 

(ffiHEHAL DS9CFIPTI0M: Left Rear, Orbiter to External Tmk 


MODEL SCALE « 0-010 


DRAWINS V.O. VL7 -000088B + VL72 -6b0089 NOTE: Use first drawing for location end 

I second drawing for detail of struts 

FUJJ^ SCALE M(»EL SCALE* 


. FOBWARD ATTACH POINTS 
Orbiter to Tank 

Number of Struts 
Diaffleter in. (Approx. ) 
Location in. 


Orbiter to SRB 

Number of Struts 
Diameter in. 

’ Location in. 


Tank 


to SRB 

Number of Struts 
Diameter in. 
Location in. 




1 

0.010 


1 307 _ 13.07 

2058 20.58 



Orbiter to Tank 
•Number of Struts 
Diameter in. (Approx. ) 
location in. (Appro;ic.) 
X© 

Xt 

Orbiter to SRB 

Number of Struts 
Diameter in. 
Location in. 


Tank to SRB 

Number of Struts 
Diameter in. 
Location in. 


1 _ 1 

1 ‘ ^.did 

1107 _ 11.07 

inm I535T 










' TABLE III. - Continued. 

MOOKL COMFOJ®!.T; Attach Structm-c - AT g } 

GKNERAL DESCRIPTION: Fr ont, SRB to Ex t ernal Tank 


> PDSL SCATJ': » 0.010 

DRAWINS NO. VL72-00106 

DIKEtgIO?S : 

FORWARD ATTACH POINTS 
Orbitor to Tank 

Number or Struts 
Diameter in. 
Location in. 


Orbiter to SRB 

Number of Struts 
Dionetcr in. 
Location in. 


Tank to SRB 

Jh^er of Struts (3 to each SRB) 
Diameter in. (Approx) 

Location in. 


% 


ABLm-QJj-IQIHTS 

Orbiter to Tank 

.I^umber of Struts 
Diameter in. 
Location in. 

Z? 


Orbiter to SRB 

Ikunber of Struts 
Diameter in. 
Location in. . 


Tank to SRB 

Number of Struts 
Diameter in. 



FULL SCAI£ MC»EL SCALE 


ik 

947 

m, 


^ 

0 .06 

9.47 


n 


38 



TABLE III. 

MODEL COlIrOlENT: Attoch Structure - AT 9 


Continued. 


GENERAL DESCRIPTION: _ R ear, SRB to External Tank 




MODEL SCALE 0.010 


DRAWI?» NO. VL72-00 


DIMEtCIONS; 


FULL SCALE 


MODEL SCAIE 




0 


FQHlr/ARD ATTACH POINTS 
' Oi'biter to Tank 

Number of Struts 
Diameter in. 

Location in. 

*o 

Orbiter to SRB 

Number of Struts 
Diameter in. 

Location in. 

Xo 

Xs 

Tank to SRB 

Number of Struts (3 to each 
Diameter in. ,( Approx.) 

Location in. 

x; 

AFT_ATrACH:POIin‘S 

Orbiter to Tank 

IRusber of Struts 
Diameter fn. 

Location in. 

Orbiter to SRB 

Number of Struts 
Diameter in. 

Location in. • 


Tank to SRB 

. Number of Struts 
Diameter In. 
Location in. 

Xt 

Xs 


SRB) 


6 

ITT 


6 


2058 


20.58 




IhlL 


V,. 
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TABLE III. - Continued. 


MODEL COMPONBJT; Attach Structure - ATn 

CaiERAL DESCRIPTION: Front. Orbiter to External Tank 


MODEL SCALE » 0.010 


' DIMENSIONS: 


Nu 5 >ber of Struts 
Width of Each Strut 
Length of Each Strut 
Location 
Xo 
Xt 


FULL SCALE MODEL SCALE 


2 2 

12j“ 

25 — 


391.0 . 3.91 

1132.0 • 11.32 


NOTE: Configuration (AT]^j^)ia the same as configuration ATj except legs are 
12^ b 7 25 instead of 6 inches diameter. 


3h 



TABLE III. - Concluded. 


MODEL COI^ONEi^TS; ^'^4. ^'^3. 



GENERAL DESCRIPTOH; General dimensional data not applicable. ■•*'y 
description in "Configurations Investigated” section and In fii^ure ^ . 
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. Int«grated Vehicle Configuration 3 (Mated) 



KCX)EL CENTER OF ROTATION IN TUNNEL 



P’igure 2. - Continued 






Umbilical Fairing oh Orbit-er (FR;]^) 
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CONrZCURATXON ATll 








SxtarnaX Tank Protubnrances 



Figure 2. - Continued. 
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(b) Side view of 0. 010-scale orbiter model 139B, external tank, sting, and strut 

Figure 3. - Continued. 
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ANGLE OF ATTACK, ALPHA. DECREES 

FIG. 4 RUDDER DEFLECTION WITH FAIRING, LONGITUDINAL. 

CA3MACH = 7.32 PAGE 
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ANGLE OF attack, ALPHA. DEGREES 

FIG. 4 RUDDER DEFLECTION WITH FAIRING. LONGITUDINAL. 

(A);iACH = 7.32 
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PITCHING MOMENT COEFFICIENT. CLM 

4 RUDDER DEFLECTION WITH FAIRING. LONGITUDINAL. 




SIDESLIP ANGLE. BETA, DEGREES 

FIG. 5 RUDDER DEFLECTION WITH FAIRING. LATERAL-DIRECTIONAL. 

CA3MACH = 7.32 
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SIDESLIP ANGLE. BETA. DEGREES 

FIG. 5 RUDDER DEFLECTION WITH FAIRING. LATERAL-DIRECTIONAL. 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 6 ELEVON DEFLECTION WITHOUT FAIRING. LONGITUDINAL. 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 6 ELEVON DEFLECTION WITHOUT FAIRING. LONGITUDINAL. 
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PITCHING MOMENT COEFFICIENT. CLM 

FIG. 6 ELEVON DEFLECTION WITHOUT FAIRING. LONGITUDINAL. 
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ANGLE OF ATTAC" ALPHA. DEGREES 

FIG. 8 POWER ON AND OFF. WITH ANO WITHOUT FAIRING. LONGITUDINAL. 
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ANGLE OF ATTACK. ALPHA. DEGREES 

FIG. 11 RUOOER OEFLECTltt). POKER ON AND OFF. LATERAL- DIRECTIONAL (PITCH). 

(A)HACH ■ 7.32 
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SIDESLIP ANGLE* BE’A. DEGREES 

FIG. 12 RUOOER OEFLECTION. POWER ON ANO OFF, LATERAL-DIRECTIONAL (YAW). 






YAWING MOMENT COEFFICIENT. CYN (800Y AXIS) 

FIG. 12 RUDDER DEFLECTION, POKER. ON AND OFF, LATERAL-DIRECTIONAL (YAK). 

CA3MACH « 7.32 
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FIG. M YAK EFFECTS KITH ALPHA = 0 AND 30 OEG.. KITHOUT FAIRING. LAT.-OIR. 
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YAWING MOMENT COEFFICIENT. CYN CBODY AXIS! 

FIG. 14 YAW EFFECTS WITH ALPHA = 0 AND 30 DEG.. WITHOUT FAIRING. LAT.-DIR. 
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FIG. 18 SmHARY OF AILERON EFFECTIVENESS. 

CA3MACH - 7.32 





FIG. Z) SUMMARY OF BETA OFFSET EFFECTS IN PITCH. DBETA = 5 DEGS. 
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APPENDIX 


TABULATED SOURCE DATA 


Tabulations of plotted data are available on request from 
Data Management Services. 
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